Equivalent offset migration produces a set of common scatter point gathers without time shift. These gathers provide a powerful model for the estimation of the residual statics. This new method of statics analysis i s used before NMO and has no requirement of velocity information. The statics correction directly benefits velocity analysis and the migration quality.
INTRODUCTION
Almost all the methods (Taner et al 1974 , Wiggins et al 1976 and Ronen and Claerbout 1985 for residual statics estimation are based on NMO corrected data, where all traces in a CMP gather are supposed to have similar structure. The usual way to perform residual static correction is like the following processing flow:
The stack section is often used to verify if the static solution is good enough. This approach has the following shortcomings:
• It is very difficult to estimate velocity when statics are significant; • Improper NMO correction causes residual NMO errors and then may cause incorrect estimation of statics; • NMO stretch has time-variant effects on the statics.
These shortcomings can be overcome if we have some way to estimate residual statics before velocity analysis. F-X filtered common offset gathers are used by Chan (1996) as the model for residual statics analysis before velocity is available, because the common offset domain is the only dimension in seismic surface geometry which is theoretically independent to the velocity information. Chan (1996) obtained good results on the random statics applied to Marmousi data.
Equivalent offset migration (EOM) fulfills prestack Kirchhoff time migration by two separate steps: the first step is to construct a set of migration gathers sorting into the CSP locations and the equivalent offsets; the second step consists of velocity analysis, NMO correction and CDP stacking applied on the CSP gathers.
In this abstract, we present a new approach to residual statics analysis using the common scatter point (CSP) gathers which is the first step of equivalent offset migration (EOM) . These gathers are formed without time shift, and their construction i s insensitive to the velocity . Same as prestack migration, this method is applied t o data before NMO correction, and the initial velocity analysis is not required.
THE METHOD
The basis of our method consists of three parts: the first is the construction of CSP gathers, the second is the formation of reference traces for the input traces and the third is surface consistence solution of the residual statics.
Construction of model data:
The construction of CSP gathers is based on the definition of equivalent offset for each sample on an input trace. Let h be the half sourcereceiver offset of an input trace, and x off be the distance between a CSP location to the CMP location of the input trace, then a sample on this trace with travel time T has the equivalent offset h e for this CSP defined by:
Where V is the velocity field under the CSP location. Figure 1 shows how the input trace is binned to the a CSP gather.
A CSP gather has energy contributed from traces i n many different CMP gathers, as long as the CMP to CSP distance x off dose not exceed the migration aperture. In this way, each trace in CSP gathers contains the information from all the sources and receivers within the migration aperture. This property ensures that, as model data for statics analysis, the CSP gathers are fully coupled. In contrast, conventional methods are usually uncoupled. That means, different CMP gathers may contain only a subset of sources and receivers, when different subsets are independent, there may be more than one solutions of statics. Construction of reference traces: Based on the relation of an input trace and a CSP gather shown i n figure 1, the process of forming a reference trace for an input trace can be consider as the inverse operation of the CSP gather construction. When the energy of a sample on an input trace has been distributed to a trace in a CSP gather, then the same sample of this CSP trace will contribute to the reference trace at the same time location.
An input trace contributes its energy to many CSP gathers and, from each CSP gather, one full-length preliminary reference trace is constructed. The final reference trace can be the weighted average of these preliminary reference traces. This final reference trace may have higher statistical reliability.
The number of CSPs with energy contributing to the reference trace also depends on the migration aperture. How the preliminary reference traces to be weighted i s determined by the way the amplitude scaling has been applied for migration gather construction. It is in this way that our residual statics estimation is fully integrated with prestack migration. Similar to Ronen and Claerbout's stack power maximization method, our method can be explained as a process of optimizing the CSP gathers, and then the prestack migration.
Surface consistent statics solution: Ronen and
Claerbout's method (Ronen and Claerbout, 1985) solves the surface consistence residual statics problem by super trace cross-correlation for each shot or receiver gather. Our solution for the residual statics is searched in the same way, but instead of only using super trace cross-correlation, we use averaged trace with normal trace length also.
THE EXAMPLES AND THE DISCUSSION
The model data we used for the results shown in this abstract are constructed from a velocity model from real well log data. There are 25 flat layers within the depth corresponding to zero offset traveltime 1.6 seconds. The source-receiver geometry is partly shown in Figure 2 . There are totally 50 sources (only three adjacent ones are shown) with 50m spacing. Each source has 5 0 channels with 25m spacing. The highest fold for the CDP locations is 13. Part of the stack section is shown in Figure 3 . The dominant frequency of the wavelet used for synthetic trace is 30hz, and the time sample rate is 2ms. All the events are flat. To test our method, we add random statics on both source and receiver locations. The range differences for source and receiver statics are both 40ms, therefore, the largest time shift difference between two traces can be as high as 80ms. After statics applied to the original data, we obtain a stack section without any statics correction as shown in Figure 4 . There is almost 100ms time difference along the earliest event which is originally flat. The velocity used for NMO correction is the same velocity used for statics free data. After residual statics correction by our method, the stack section has comparable quality with the statics free stacking results. It is important to mention that, the result is obtained by only one iteration. Although all the events shown in Figure 5 are stacked very well, but the events are not really flat as in Figure 3 because our method can not really estimate the very large wavelength statics by the first iteration. Figure 6 shows the three CMP gathers at same CDP location (number 110). The left one is from the statics free data, the middle one is from the data effected b y random statics, and the right is from the statics corrected data. Velocity analysis on the statics corrected gather gives velocity information with very high accuracy.
Another benefit of our method is the direct enhancement of the quality of CSP gathers. Figure 7 shows three CSP gathers at the location same as the CMP gathers shown in Figure 6 . They are from the data without statics, with statics and statics corrected respectively. Comparing between the CMP gather and CSP gather from statics data (the middle ones), we can see that the CSP gather has better hyperbolic moveout trajectory than the CMP gather. That is because, to some extent, the CSP gather construction cancels the random time shift effects. 
CONCLUSIONS
The proposed method for estimating the residual statics before NMO correction is based on the technique of equivalent offset migration. Preliminary applications o n the synthetic data result in good estimates of the residual statics. Future directions include:
• the estimation of long wave length components of the statics;
• the convergence of the iterative technique for real data; • the dependence of the solution on the geometry of the seismic line.
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